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Introduction

This report covers the development of a prototype x-ray sighting device for the U.S. Army
Medical Materiel Development Activity (USAMMDA) under MIPR 91MM1560. This
effort was conducted by the Mechanical Systems Branch of Harry Diamond Laboratories
(HDL) over the period FY 91-92.

The goal of this effort was to develop a device to allow the use of the Hand-Held Dental
X-Ray (HDX) in more general medical applications. Such applications require the x-ray
source to be placed at a known distance from the film plane, with indications of where the
beam will fall.

This effort consisted of two parts. The first phase encompassed the development of the
design approaches, and resulted in a prototype device (dubbed XRS, or x-ray sight). This
development is covered in an interim report dated 19 Mar 92, included as Appendix A.
The initial phase settled on a sighting device utilizing four solid state lasers mounted on
the comers of a metal horn, which would define the x-ray beam. The lasers would
indicate the locations of the comners of the x-ray beam at the film plane at various source-
to-image distances (SID). The precision location of the beam extents is important because
federal safety regulations mandate that the operator know where the beam is to within a
given tolerance.

The second phase involved refinement of the XRS prototype, and the fabrication of five
units. The XRS prototype was presented to USAMMDA in 2Q FY92, and changes were
proposed shortly thereafter. HDL refined the design and another review was held in May
of 92. The concept for the refined prototype, designated XRS2, was presented to
USAMMDA, and a few final changes were requested. Design and fabrication of five units
plus one set of bore sighting equipment proceeded through 3Q FY92, with delivery at the
close of FY92.

This report centers on the changes made to the original XRS which resulted in XRS2, as
well as suggested further refinements.



Mechanical Design

Several changes in the mechanical design were made during this period. These were based
on requests from USAMMDA, FDA requirements, and the HDL designers. These are
summarized in this section. The mechanical drawings are included in Appendix B.

Safety Rod

FDA requirements call for a means of preventing the operator from getting closer than 12"
SID on x-ray equipment. The original XRS did not meet this requirement, so a safety rod
was added to XRS2.

The safety rod is made of lexan, as it is relatively transparent to x-rays. In the operating
position, the rod extends into the path of the beam. The rod is hinged atop the XRS2 and
incorporates a safety plate which covers the HDX beam controls when the rod is in the
stowed position. Clips secure the rod in both the stowed and deployed positions. In order
to use the HDX with the XRS2 attached, the operator must flip the rod up out of the way.
As the rod is loosely hinged, the operator must then clip it into its deployed position to
immobilize it.

It is felt that the current design is sufficient to preclude an operator from violating the 12"
rule. The safety rod does not, however, preclude malicious operation of the HDX with the
operator or patient within 12". Though inconvenient, the operator can deploy the device
only partially, unclipping it from the stowed position leaving enough clearance to access
the HDX controls. The operator can also operate the HDX without the XRS2 attached
and potentially have direct access to the x-ray source. These scenarios fall outside the
area of normal use by a trained operator and are not expected to pose a credible hazard.

Power Supply

The original XRS was powered by a 9V battery for demonstration purposes. HDL had
planned to power the XRS by adding a power jack to the HDX. This approach seemed
logical as it eliminated the need for a separate supply for the XRS. Also, if the HDX
batteries were depleted, the XRS wouldn't be needed either, so sharing a supply seemed
an appropriate path.

Early HDL designs postulated a 'T' adapter between the HDX power supply and the HDX
power cable. The was rejected by USAMMDA due to concems of increased resistance to
the power path. During the design of XRS2, HDL proposed adding a connector to the
HDX which would draw power from terminals within the HDX. This would eliminate any
additional resistance in the power path. An examination of a prototype HDX at HDL
showed that such an adaptation was possible, the only modification being a hole in the
HDX housing for the connector.
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This approach was rejected by USAMMDA due to the logistical difficulty of modifying
existing HDX's and the fact that the existing HDX's were all prototypes. The final design
could differ from the prototypes, possibly precluding this type of modification.
USAMMDA expressed a desire to have the XRS contain its own power source, to consist
of readily available disposable batteries. Standard commercial batteries would ease the
logistical burden, and would lessen the downtime caused by recharging embedded NiCd
cells.

Due to space constraints within the XRS2, the power supply choice was limited to AA
size batteries. Four were chosen to provide 6VDC nominal. This eliminated the need for
voltage regulation within the XRS2, as the electronics and lasers could both operate at
6VDC. Designs utilizing power from the HDX would have required a DC-DC converter
module to step the HDX 24VDC down to 5VDC. These modules were approximately the
size and weight of the newly included battery pack, and cost approximately $100.

The battery system for the XRS2 comprises a removable panel on one side of the XRS2
which covers the batteries, a battery holder, and an interior bracket. The batteries are
mounted in a standard four-cell flat package secured to the bracket which is attached to
the inner wall of the XRS2 housing. The panel is sealed with a Poron gasket and secured
to the housing with eight screws. This design does not require disassembly of the XRS2
simply to replace the batteries.

Operator Control

The original XRS operator interface consisted of an on/off switch and an illumination
button with an integral LED indicator. The on/off switch was included for demonstration
purposes when the XRS was running on its internal battery. The controls were mounted
on a raised sloped panel which extended over the top of the HDX to place the XRS
controls just above the HDX beam controls. While functional, the addition of this extra
panel involved several parts and had the potential for fit/finish problems.

The original electronics in the XRS were designed to be used in conjunction with an on/off
switch, which eventually would have been replaced by taking power from the HDX. With
this scheme abandoned, this approach to the electronics design was no longer appropriate.
The changes in the XRS2 electronics are discussed in later sections. The new design
required only a single push-button, which would power the lasers for approximately 10
seconds.

The button used in the original XRS was difficult to mount. In order to fit in the limited
space behind the sloped panel, the button chosen was essentially a flush-mount design.
This type of button is intended for mounting directly on a printed circuit board, as
opposed to mounting through a panel. This configuration is not desirable for several
reasons.



By not mounting through a hole in the panel, the button would be difficult to seal. The
hole in the panel for this type of button is merely a clearance hole, allowing the button to
protrude. The button is physically mounted on a circuit board suspended behind the panel.

This type of button mounting requires many parts. The button must be mounted on a
circuit board which is held in place by several standoffs and screws. The resultant panel
design, even when optimized for manufacture, could still require several parts to create an
enclosed assembly.

These buttons are not designed to carry more than a few milliamps of current. Their
purpose is small signal switching. A single control (no on/off switch) in XRS2 would have
to carry the full current load (>100mA) for a short time, until the internal relay was
activated. Even though the time period was short, it was felt the this type of switch would
be unreliable at these power levels.

An HDL design goal for XRS2 was to devise a way to use a standard panel-mount push
button. This type of button physically mounts in a hole in the panel, providing a seal. The
drawback is that this type of button protrudes at least an inch behind the panel. The XRS
sloped panel did not have enough room to mount a standard panel-mount switch.

The sloped panel was also slated for change. Experience with the original XRS proved
that the panel system, while good from an ergonomic standpoint, was difficult to
manufacture (in prototype quantities), and posed a potential sealing problem. Clearly a
panel-mount button could simply be mounted through the top of the XRS housing, but it
would be very awkward for the operator to use while holding the HDX. Ergonomic
considerations dictated that the button be usable without the operator's hands leaving the
HDX handles. '

The design of the operator interface for XRS2 evolved into mounting the button in a small
box attached to the side of the XRS2 housing. The separate button box could then be
mounted at the optimum angle and extension to place the button within easy reach of the
operator.

Going to a single button control negated the added safety of having two control actions
required to illuminate the lasers. In the original design, a separate on/off switch insured
that the operator had to perform two actions (tumn the switch on and press the button) in
order to emit laser radiation. The design of the XRS2 incorporates a cover over the
button which must be flipped up before the button can be pressed. This should lessen the
possibility of inadvertent laser emissions.

Weather Sealing

During the design review for XRS2, USAMMDA requested that future versions be sealed
against the weather. Though no formal specifications were imposed, it was agreed that



the XRS2 should be sealed against dirt, water splash, and light rain. Several features were
added in support of this request.

Poron gaskets were added to the metal/metal interfaces. The housing was redesigned with
a flange to butt against the baseplate, and a gasket was added at that interface. As
previously mentioned, the battery door also has a gasket seal.

A lexan panel was added to the inside of the housing to cover the openings for the horn
and lasers. Lexan was chosen for its transparency to both x-rays and visible light. A lexan
plug was also designed for the opposite end of the horn, where it joins the HDX.

Through-holes for screws in the baseplate were eliminated. All internal hardware now
mounts in blind holes. The through holes for the four long attachment screws, which
mount the XRS2 to the HDX, are shielded with metal tubes. These tubes are mounted to
the baseplate and extend the depth of the housing. Poron gaskets on the housing interior
seal the exposed ends of these tubes. The attachment screws pass through these tubes,
protecting the interior of the XRS2 from the elements.

The attachment screws were also modified to remain captive within the XRS2 when not
mounted on the HDX. E-rings snapped into grooves on the screws insure that the screws
cannot be completely removed from the baseplate. HDL considered this a shortcoming in
the original XRS, in which the long attachment screws had to be inserted through the
baseplate blindly. This modification drastically reduces the mate/demate time of the
XRS2.

X-Ray Horn

Another HDL goal for XRS2 was a redesign of the x-ray horn. The horn defines the
footprint of the x-ray beam, so precision is important in order to meet the tolerances
imposed on beam extent in the image plane.

The original horn was fabricated out of five pieces. Each of the four sides was a discrete
part and these all mounted in a collar, which in turn mounted to the baseplate. This
resulted in an assembly which could be prone to tolerance problems in a production
environment. The assembly also allowed some radiation to escape along the seams,
despite design features intended to minimize leakage.

The horn for XRS2 was designed as a single piece, including the baseplate mounting
features. The inside of the horn was removed using electrical discharge machining
(EDM). The EDM process utilizes a thin wire passing through the material and carrying a
high voltage. The part to be machined is held at the opposite electrical potential, and the
discharge occurring between the wire and the material forms a thin kerf through the part.
This type of machining creates very precise parts and is well suited for cutting non-circular
holes. The exterior of the horn was machined using traditional methods.



Boresight

The blank cut from the interior of the horn served as the base for a laser alignment fixture.
The lasers in the XRS2 are mounted in adjustable carriers to allow for fine adjustment due
to tight tolerances imposed on locating the comers of the x-ray beam. A simple fixture
and alignment procedure was developed for XRS2, utilizing the waste from the EDM
operation on the horn.

The blank is mounted on a vertical rod attached to a plate. The rod length is such that the
lasers are aligned on an image at the intermediate SID. The validity of aligning the lasers
at this distance was derived in the interim report. The plate has four targets on it to which
the lasers are aligned. The XRS2 is perched upon the blank, pointed down. Access to the
laser carriers required removal of the housing, which also removes the batteries and
control button. A power connector is provided on the electronics board, enabling the
lasers to be powered with a typical AC adapter (provided with the boresight). The use of
the adapter saves the batteries during alignment, and also provides continuous power to
the lasers (the 10 second timer is bypassed via the power connector).

Electronics Design

The electronics for XRS2 were completely redesigned. This was necessitated by requests
from USAMMDA and the use of higher power lasers.

The original XRS prototype contained a small microcontroller which took care of the
duty-cycle enforcement and controlled the power relay and buzzer. The elimination of the
duty cycle (10 seconds on / 10 seconds off) and buzzer by USAMMDA essentially
eliminated the need for the microcontroller. It should be noted that the microcontroller
was used as a design expedient in the original XRS and probably would not have been
carried over into production.

At this point, a simple ten-second timer was all that was needed. Pressing the control
button would start a ten-second delay timer which would hold the power relay closed until
the time expired. The move to battery power and higher powered lasers complicated the
design.

Upon completion of the original XRS, it was determined that the lasers were too dim.
They could not be seen at all in direct sunlight, and were difficult to see in bright room
light. For the XRS2, more powerful lasers were ordered (1mW vs. .5mW). After receipt
of these units, they too were found to be difficult to see in direct sunlight. It was decided
that these units would be used in the XRS2 prototypes to demonstrate the principal. The
user community will be able to provide further feedback on the adequacy of the lasers
chosen. More powerful devices in the same package size are available (up to 8mW).




Higher power lasers naturally require more electrical power to operate. All of the lasers
investigated during this task have been S5VDC devices, so the increased power
requirements manifest themselves in higher operating current. The ImW devices require a
maximum current of 7SmA.

The AA batteries chosen as the power source can only supply approximately 130mA, so
all of the lasers could not be powered at once. This required a circuit to modulate the
lasers in pairs, so only two were on at a time. The lasers are paired as opposite corners,
so if one driver circuit malfunctions, a pair of diagonal corners would still be illuminated.
The final circuit for the XRS2 consists of two IC's, three transistors, three capacitors, six
resistors, and one relay. A detailed description of the circuit is presented in Appendix C.



Further Refinements

Several design refinements should be considered if development of the XRS2 continues.
Due to time constraints on the redesign from the original XRS, these refinements could
only be identified, but not pursued. The refinements are discussed below.

Mechanical Design
Laser Carriers

The design of the carriers for the lasers was simplified in XRS2, but these components
could probably be simplified further. The adjustment method was also refined, the original
XRS used compliant foam as the resistive member in the vertical adjustment of the lasers.
Aging of the foam could result in misalignment due to material creep. The XRS2 uses a
jackscrew arrangement, eliminating any compliant members in the adjustment.

Some simpler concepts for alignment were discussed, but were not pursued due to
schedule constraints. The design of the carriers could also be simplified and they could be
cast.

Safety Rod

The safety rod implemented on XRS2 is a simple design with safeguards to deter
operation of the HDX without the rod deployed. Though effective, the exposed clips
which secure the rod in the stowed and deployed positions could pose problems.
Although the comers of the clips are rounded and the sharp edges broken, reliability
problems could result from the clips being damaged in their exposed positions.

Two other basic designs were considered for the safety rod. The first design was similar
to the prototype, utilizing a flip-up rod, but secured by ball and spring detents built into
the hinge mechanism. The second design was a rod which slid through a collar mounted
on the XRS2 housing, held in its stowed and deployed positions by ball and spring detents.
This design had the potential drawback in that it might be easier to partially deploy than
the flip-up arrangements.

Both of these approaches, and undoubtedly others, would eliminate the exposed clips
present in the prototypes. User expenence and feedback will best indicate if changes to
the safety rod are required.

Though the material used in the safety rod was chosen by USAMMDA for its x-ray
transparency, testing may be needed to confirm transparency of the rod. If the thickness
of the rod causes an image on the film, a non-contact safety feature could be implemented.
An ultrasonic range finder, similar to those used in Polaroid cameras, could be used to




detect personnel within 12" SID. Though more expensive and complex, it is an alternative
if the current design compromises image quality. This device could also be used to
determine correct distances from the film plane when using the HDX in a fixed mounting
position. This approach lacks the lock-out of the HDX controls that a more mechanica!
solution, such as the rod, provides.

Battery Access

The initial design for the battery door for XRS2 was a hinged door with captive quarter-
turn fasteners. This design would have been slightly more complex and difficult to seal
than the screw-fastened panel in the prototypes. The screw-fastened panel should be
adequate for initial user evaluation, because the batteries should not have to be replaced
too often.

Batteries could be a problem if higher powered lasers are required. The AA cells are near
their current supply limit with the ImW lasers in the XRS2. It may be difficult to package
larger cells in a manner that doesn't require removal of the housing cover for replacement.
This design concern will need to be addressed if USAMMDA requests the higher powered
lasers.

Control Switch

A weather seal should be considered for the control switch. The manufacturer of this
switch does offer a clear flexible boot which provides a splash resistant shield. This seal is
not compatible with the use of the safety cover, which was deemed more desirable for the
prototypes. Most switches investigated during the design offered both water resistance
and a safety cover, but only in larger, industrial-type switches. If both features are
desired, a further investigation will be conducted. Note that many of the boots offered
start to lose pliability below 0°C.

The safety cover also needs field evaluation to determine its ruggedness. These covers
were chosen to demonstrate the concept, but may not be rugged enough for field use.

Some redesign should be done to conceal the gasket between the baseplate and the
housing. The housing should have its mounting flange recessed, so that the baseplate and
the gasket are concealed by the housing when assembled. This would result in a cleaner
appearance and would protect the gasket from damage.

The electronics should be conformally coated with a sealant. The XRS2 prototypes were
delivered uncoated, to permit modifications (such as laser frequency and "ON" time) after
review by USAMMDA.




Electronics Design

Further refinements of tue electronics design are centered around laser power and
producibility improvements.

Lasers

It is understood that USAMMDA will evaluate the XRS2 in operational scenarios to
determine if the lasers are bright enough under high ambient light conditions. If the HDX
is to be used primarily in a clinical environment, current power levels may be sufficient. If
there will be considerable outdoor use, power requirements may have to be reviewed.

Production versions of the XRS2 should utilize lasers with TTL control capability. This
would allow the lasers to be controlled using low-level signals directly from the digital
logic. Currently, the beams are modulated by turning the power to the laser on and off.
This requires the use of discrete transistors to handle the power switching at the operating
current of the lasers. Use of the TTL type of laser control would eliminate two transistors
and two resistors from the circuit. Lasers are now available from the current supplier
which have this capability.

The electronics could be further modified to operate only one laser at a time, as opposed
to two. This would allow higher power lasers still utilizing AA batteries as the power
source. This would complicate the electronics somewhat, but the ability to raise the
optical power level without a larger power source would probably be a worthwhile
tradeoff. If much higher power (several mW) were needed, the battery size would have to
be increased.

Producibility

The issue of using a solid state power switch (such as a FET), as opposed to the relay,
should be investigated. A FET may offer lower power consumption, as opposed to relay
coil current. A solid state device may also offer higher reliability.

A production design should also examine the use of surface mounted components. These
are not amenable to the prototyping board used for the deliverable units, but would offer a
potential reduction in size and cost. If surface mount parts are used, more complex
electronics, such as those to modulate all four lasers sequentially, could be accommodated
in the same space as the current design.




Appendix A

Interim Report

This report describes the development of the initial XRS, and the various tradeoffs and
system considerations which dictated the design approach.
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. Introduction

The U.S. Army Harry Diamond laboratories (HDL) was requested by the US Army
Medical R&D Coammand to develop an X-Ray Sighting Device to be used with the
X-Ray System, Dental, Miniature (XRSIM), for making medical x-ray images in
the field. This sighting device would replace the dental collimator used in
the portable dental x-ray set. It was termed the medical collimator.

2. Requirements

'memqumtsformemdicalcoumtcrevolvedwerapenodofmnths
A summary of the requirements is given in Appendix A.

3. Concept Design

Early concepts and approaches for the medical collimator are described in
Appendix B. The listed concepts included the use of optics like that in a
camera viewfinder, the use of proujected images such as a box or "x" on the
film plane, the use of a lightweight extendable mechanical frame to indicate
beam locus on the film plane, and finally the use of a laser or cambination
laser/optical sight. The latter approach was selected for study.

A preliminary design of a laser/optical sight, was proposed and evaluated in
July 1991. This design, doamented in Apperdix C, worked by projecting two
red laser dots on the center of the film plane such that the two dots would
join into ane dot at the center of the film plane when the HDX was at the
correct source-to-image distance (SID). The design had merit but was not used
because a subsequent clarification of the requirements showed that the need
was to indicate the perimeter of the x~ray beam at the film plane, not to
locate the cemter of the x-ray beam. Also, the design had the disadvantage
that it required a large separation between the two LIMs to get sufficient
horizental parallax so that the correct SID could be indicated. This made the
device bulky. It also required significant vertical parallax correction,
which would cause center-location errors at at least two of the three SIDs,
and it allowed for only an indirect link between x-ray beam and pointer beam
orientation, since both were part of separate assemblies. Hence, ancther
approach was cmsidered necessary.

4. Concept Selection

The confiquration ultimately selected was simpler than the one above, and

resulted in a more campact device. This concept enabled the source/collimator
cambination to meet the 21-CFR requirements by projecting a red laser dot on
each of the four cormers of the target film cassette such that the correct SID
is dbtained to within 2% accuracy, and the x-ray beam was located inside the
film perimeter within the required tolerance of 2% of the SID. The proper SID
and aiming are cbtained when all four of the laser dots, or when any three of
the four dots, are visible (uncbstructed) on the film cassette corners. It is
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sufficient if only two dots are on the film, provided they are positicned on
opposite cormers (diametrally opposite) of the film cassette. Locating dots
on anly two adjacent corners leads to possible ambiguities about where the x-
ray beam is going. Features of the design are described in the next section,
ard drawings of the hardware are given in Appendix D. The device was
developed according the plan given in Apperdix E.

5. Device Description and Design Notes

The central feature of the medical collimator is the x-ray collimator horn, of
rectangular cross-section, made of approx. 0.2" aluminum plate. This horn
limits the x-ray beam, which starts at the HIX as a beam subterding a 30-
degree solid angle, to a rectangular cross section which will meet 14x17 film
at 40" SID, 10x12" film at 29" SID, and 8x10 film at 24" SID. Across
diagonals, the x-ray beam still subtends the full 30 degrees. Given the
small incidence argles of the x-rays, the alumimm plates are able to absorb
the x-rays sufficiently without using a lead (Fb) layer and camposite
canstruction.

The horn is approximately 4" long, and supports the four laser diode modules
(LlMs) used to project the aiming beams. ILocating the LIMs directly on the x-
ray collimator keeps parallax correction to a minimm and creates a direct
mechanical link between the things indicating (LIMs) and the thing indicated
(x-ray beam position). Additionally, the horn also acts as a heat sink for
the IMs, each of which dissipates 0.9 W of heat when operating.

The laser diode modules emit red light at 670 mn (visible, red). They are
class IT (eye safe), rated at 1mW output power each. System power is
camlledbyanelecu'lcallypmgzmblemy(m and circuit.
Currently, settings of the circuit allow beam-on for 10 seconds maximum,
fouaadbyalo-secaﬂdelaybefmbem-ma;a.m This fifty-percent duty
cycle pramotes eye safety and reduces battery drain and heat buildup. The
duty cycle or delay times can be adjusted easily by reprogramming the EPROM.

The medical collimator mates with the HDX prototype Source Unit made by Kevex
using the same threaded attachment points and mounting face used by the dental
collimator. The device is held to the HIX using four captive thru-bolts
threaded into these attachment points. As these bolts are tightened, their
heads draw up against the housing cover, loading the housing in compression
and securing the collimator to the HDX.

The HDX source x-ray tube collet was actually the starting datum for design of
the interface plate and other features of the medical collimator. Designing

out from this feature assured centering and coaxiality of the collimator over
the x-ray source.



The "interface plate" integrates the entire design. Its x-ray window conducts
the x-rays into the collimator, while the machined collar locates the
collimator accurately over the x-ray tube collet. The flat back surface of
the interface plate mates with the HIX front end the same way the dental
collimator does. The interface plate then precision locates the horn/laser
assembly over the x-ray window, and also supports the power control
electronics and the housing (cover) and switch assembly.

The housing was constructed of .063 aluminm sheet, selected for strength and
durability in a field enviromment, and capable of supporting the load applied
by the four through-bolts. Having the same cross section as the HDX, ard
being about 5" in length, the device will fit in the carry case with the HDX
(but the foam padding must be changed).

The power control circuit design and logic is elaborated in Appendix F.
Design specifications and general description of the laser diode modules are
given in Apperdix G.

A difficult part of the design is the LIM positioners, mounted on the x-ray
horn. These positioners must at the same time a) be easily adjustable, and b)
retain a given setting under various thermal and handling conditions. It is
expected that this part of the overall concept will evolve same in the next
iteration of the design.

There is potential for lightening the overall design in a future production
design, through optimization of many of the metal parts, or replacement of
metal parts by plastic ones.

This unit was physically designed around the Kevex HDX, but many of the design
cancepts are transferable to a different source unit.

6. Summary

A medical sighting device prototype was developed for the HDX which indicates
x-ray beam position and SID on standard film cassettes. The device collimates
the x-ray beam into a rectangular cross section subtending 30 degrees across

the diagonal, and uses four low-power laser beams to indicate the perimeter of
the x-ray beam at any distance, and the correct SID on three standard film

sizes (8 x 10, 10 x 12, and 14 x 17), by matching the laser dots with the film
cassette corners. The present device is battery powered and consumes less
than 5 W of power; it fits in the carry case with the HDX and attaches to it

directly without any adapters, etc. The presented unit was physically
designed around the Kevex HDX, but many of the design concepts are
transferable to a different source unit.




7. Recammendations: proposed changes to the medical collimator are itemized
below, based on evaluations to date of the first engineering prototype, and
changes in the requirements:

- increase power of each ILIM from .5 niW to 1.0 mW

-cawrx-raybeunhmnmﬂn;mﬂlamhmportlnleswitha
sealed polycarbonate window (to keep out debris)
- eliminate cormer gaps between backplate and housing corners
- fabricate bore-sighting device for adjusting laser-beam path
- incorporate feature to maintain at least a 7" (178mm) minimm distance
between the x-ray source ard the patient.
- reduce mass and reduce mmber of fasteners where possible
- the requirement for a tape measure to indicate the SID is eliminated
- provide a means to quide the through-bolts into their blind holes
- improve method of positioning LiMs
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SLIHD-TA-MS 13 December 1991

MEMORANDUM FOR James L. Beard, Supervisor, Mechanical Systems Branch
SUBJECT Requirements for HOX Medical Collimator

1. Our branch is designing a prototype collimator and sight for medical x-ray
imaging using the HIX (hand-held dental x-ray, source unit). Several concepts
have been examined, including one using low-power visible lasers. As the low-
power laser approach was taking shape, it became apparent that more clarity
was needed on the medical and logistical requirements for the collimator.
Consequently, I met with Lloyd Salisbury of USAMMDA and LTC Vandre of USAIIR,
at Fort Detrick on Tuesday 30 July 1991, to go over a list of possible
requirements, in order to pare down and prioritize the list. The result was
the following:

2. Recuired The medical collimator/sight:

a. Using a single collimator cone (rectangular cross section with 30 degrees
arc across diagonal), make exposures of 14 X 17" film at 40 inches SID, and of
10x12arﬂ8x10f11m&ta;pmptiatesms,s.mtl':atthezl-CFRreqn.re-
ments are cbserved. The 21-CFR requires that x-ray field does not exceed any

edge of the image receptor (film) by more than 2 percvent of the SID.

b. Must provide a positive indication of the SIDs. More than ane method may
be possible, but at minimm a retracting tape measure or similar distance
indicator must be provided and must be integral to the collimator/sight.

. Must indicate film perimeter by showing the location of at least cne set of
dlagcralconmsofttncoumtedbmybeam

d. The HDX and medical collimator should be operable with the long axis of the
film (and of the collimator) either vertical or horizontal.

e.The HDX with medical collimator must be operable hand-held or tripod
mounted, including pointing vertically down upon patient and film.

f. Must have the potential for rugged design.
g. Must be lightweight. Under 5 lbs. could be considered lightweight.

h. Is intended to be powered via jumper fram the HDX power supply. However,
demonstrator versions can have their own battery power.

i. Operation of the collimator and sight must present no visual hazard to
operator, patient, or bystander. The visual hazard may be met by supplying
protective goggles or instituting simple procedures.



SUBJECT: RBQUIREMENTS FOR HDX MEDICAL COOLLIMATCR

j. The dots showing x-ray beam perimeter must be visible in both darkened roam
ard direct sunlight. It would be permissible to add white tape or reflective
tape to film cassette cases for increased visibility of laser beam dots.

- Resired or Anticipated:
k. The collimator will fit in the same carry case with the HDX and power

supply. With the medical sight it becames a "medical kit." A dental kit
consists of the HIX source unit with the existing 20 degree collimator.

w

1. The collimator will attach to HIX using the threaded hole pattern of the
Kevex unit.

m. The collimator will be simple to operate.

n. The sighting laser illumination will have at maximm a 50% duty cycle, with
maximm uninterrupted illumination of 10 secands after a single button press.

. The sight should not badly affect the mechanical balance of the hand-held
dental x-ray when the two units are joined.

4. Not Required:

p. Indicating the center position of the x-ray field on the film may be useful
but is not necessary.

q. The collimator need not be self-powered or rechargable. It is plamned to
be powered with a jumper from the HDX power supply, since the sight is only
useful with the HDX and is not useful if the HDX has insufficient power.

r. Quick-attach capability to the HDX is not required. The medical
collimator/sight need be no easier to attach to the HDX than the dental
collimator (i.e., five minutes).

s. The collimator is not required to display or indicate x-ray "techni
m.

S. Further work on the HDX medical collimator will incorporate this

clarification amd prioritization of the requirements. The result may be a
simpler approach than we have previously discussed.

Charles H. Robinson




Appendix B

(ot Interim Report)

Collimator and Sight for Medical Imaging Using HLX,
Proposed Concepts, 3 July 1991.




OOLLIMATOR AND SIGHT FOR MEDICAL IMAGING USING HIX 3 July 1991

Pros:

- ambient light, no power required.

- split-image optics are well understood;

- can provide all the needed information, i.e, distance, orientation, and

centering. .
- campact, lightweight.

Cons:

- ility of optics (shock, vibration, moisture, dirt)

-~ cost to develop specialized optics;

~ sighting is from off-axis, inmtroducing parallax error—requires very exact
adjustment for differemt target distances:

- operator is required to place head next to HDX to do sighting (awkward):

- sighting is painstaking and requires good light, requires a good "eye" to

ish sighting and distance verification:

- difficult to do sighting with HDX in same oriemtations (especially pointing
straight down);

~ absence of pattern or feature on the film cassette tr ausist sighting and
distance verification with split-image.

b. Mechanical version of the optical s.ght—e.q., adjustable "goalpost"
frame with crosshair sight for aiming and distance verification.

Pros:

- uses ambient light.

- requires no power. _

- may be easy to make for a limited mmber of settings (40" and 60" settings)

Cons:

- mechanical sight easily damaged;

- bulky

- requires a good "eye" to accamplish sighting and distance measurement-—-
sighting is painstaking and requires good light;

- requires that each operator sight in exactly the same way

- difficult to do sighting with HDX in same oriemtations (e.g., pointing
straight down) because the operator must get behind the HDX to see through
the sight.

2. Projected-image siaht:

B-1



a. Projected Jcon (e.g., bax or cruciform center) uging licht source, mask,
and lens.

Pros:
- good for centering and orientation information
- simple approach
-llgm:we.l.gtrt campact
- aiming can be done with HDX in any orientation
- could adjust brightness for conditions to save battery

Cons:

- does not provide film distance verification directly, requires that film
distance be measured same other wvay

- projected light image may not be visible in bright light or against same
backogrounds

- expect large power draw and possible frequent bulb/battery replacement.

. Low-power laser sight, laser pointers and/or line-generating prisms create
centering image (cruciform, dot, or circle); combine with tape measure or
dual images to indicate film distance.

Pros:

- good for centering and possibly for oriemntation information

- aiming icon highly visible in most conditions, with potential for

visibility even in direct sunlight

- aiming can be done with HDX in any orientation, no necessity to sight
through an awkward mechanism. .

cons:

- may not provide film distance verification (without optics), requires that
film distance be measured same other way

- may pose eyesight hazard, due to reflections armd projecting laser light
into unknown background

~ requires power

- possible high cost for materials;

- unknown potential for ruggedness.

3. Extendable Frame: flexcord tent expandable frame.

Pros:

- shows correct distance and exposure frame

- when properly assembled, hard to use incorrectly
- possibly inexpensive in quantity.

Cons:
- frame may sag over the 60" distance

B-2



cambersane to change back and forth between the 40" and 60" film distances
i with the patient, and may be unpleasant to patient
if made of metal, problem of x-ray scatter.

4. Combined Optical/laser Sight: using laser lines or cruciform on target,
i and "frame" correctly.

§
:
1
5
{

Pros:

- laser icon(s) indicates target center

- possible split horiz/vert laser lines form symmetrical cross at correct
distance. Dual settings to cover 40" and 60" .

- optical sight provides distance verification and orientation (£raming)

- low power, uses minimm projected light

- makes use of ambient light

= can be operated in dark (using laser) or in intense light (using optics)

- campact and lightweight

~ sinmplest operation is to use laser to "center” and tape measure for
distance

Cons:

- fragility of optics to shock, vibration, moisture, dirt
- high cost to develop and qualify optics
-mtorisrequiredtoplaceheadnmcttoﬂﬂX(aMcwaxd)
~ difficulty of splitting laser light into horiz/vert lines

B-3




Apperdix C

(of Interim Report)

Medical Sighting Device for HDX, Preliminary
Concept Description, 22 July 1991




FoR #PA
MEDICAL COLLIMATCR Mg 22 July 1991
C. H. Robinson
Harry Diamond Labs
Genexral Approach

It has been proposed to use the HIX (hand-held dental x-ray source unit) for
making medical size x-ray images (chest, head) in field locations where the
HDX may be available ard other x-ray equipment may not. At the standard
source-to~image distance (SID) of 60" for such images the necessary exposure
time for the low-powered unit is excessive, and patient motion is likely to
interfere with image quality. Consequently, a design for a medical
collimator and sight for the HDX is proposed here which will make it possible
to make 14 x 17 inch images at a SID of 40", using a 30 degree collimator
angle. Sketches are attached which show the concept. One version of the
collimator is conceived for imaging only at 40" SID, another version can be
adjusted for use at either 40" or 60" SID. The collimator "cone" is
rectangular in cross section to comply with the 21-CFR requirement that x-ray
exposure not occur cutside film perimeter.

The medical collimator for the HDX allows the operator to locate the x-ray
beam accurately on the film by providing both centering and distance
indications at 40" source-to-image distance, accurate to within the 21-CFR
guidelines. The concept elaborated here involves using a pair of low-power
laser diode modules located a known distance apart and angled to the target
film plane to provide the centering and distance information needed by the
operator.

Desian Informati

A. The medical collimator is self-powered (battexy) , rechargable,
lightweight, hand-held, self-contained, campatible with the HDX (uses existing
threaded attachment points), operable in any orientation, and provides a
bright laser dot for high visibility on the target plane in a wide range of
ambient lighting corditions. The system uses Class-I1 (eye safe) lasers and
should present no danger to cperator or to patient or bystander.

B. Centering: center location of the x-ray beam is indicated by a red laser
dot emitted by a low-power laser diode module (LIM) positioned directly under
the x-ray collimator cone, and angled upwards to meet the film in the exact
center of the x~ray field at the film plane. Reference the sketches. There
maparallaxerrorm&udnedbyﬂnvertuzloffsetofﬂncmteri:ﬂi@tirg
laser module, so a correction is made by tilting the laser module

This "look-up" angle is 3.3 degrees i r source-to-image distance (SID) of 40"
and 2.13 degrees for SID of 60". A compromise can be achieved at 2.6 degrees
look-up angle to give an optimm tradeoff when a single look-up angle must do
for both SIDs. At this lock-up angle of 2.6 degrees, the centering dot is
aimed .45" low at the 40" film plane and .45" high at the 60" film plane.
This amount of error is within the 21-CFR gquidelines.




b
g
.
:
8¢
&
§
i
g

to the rigtrtofﬂ:ecawdctneamthesm
should be increased, the line to the left means the SID should be

esianex e: a collimator designed
fortnemlyatthem"fllmplamdlstarnew:.llhavealook-upangleof:!3
degrees for both the center and the side IIMs, and a lock-in angle of 7.5
degrees for the side IIM, with a separation distance of 4.76™ between the two
laser modules. A collimator designed for use only at the 60" film plane
distance will have a lock-up angle of 2.13 degrees for both the center and
side IIMs, and a look-in angle of 7.5 degrees for the side ILIM, with a
separation of 7.4" between the two lasers. The 40" collimator is more compact
than the 60" collimator.

collmtor dﬁslgned for dual use has a tm-posxtlm adjtstmem: which sets the
side laser "lock-in" angle to either 11.5 degrees, for distance indication at
40" SID, or 7.5 degrees for distance indication at 60" SID. The look-up angle
is set at the tradeoff value of 2.6 degrees.

In summary, the key dimensions are as follows:

40" only 60" Only Dual 40" and 60"
lLaser Source Separation 4.76" 7.4" 7.4"
Distance (Single Side)
Look-In Angle ) 7.5 7.5 11.5 and 7.5
(Horizomtal Aiming)
Look-Up Angle 3.3 2.13 2.6
(Vertical Aiming)

Cc-2




Desian Peatures:
- access panel on side of collimator permits battery pack replacement

= device has sheet alumimm enclosure, approx. 0.030" thick, and double
thicikness on bottom portion for stiffness.

mfﬂnwithlagudatnrizarbnlbymtatixqwholefﬂ(arﬂattamed
collimator by 90 degrees, or consider a way to make attachment work for 0 and
90 degree orienmtations.

des1g\aspecialbadcplatatoallwqaidcarbtadmxtarﬂramval while
alsoglvugacanatepontiamgotthaconimtorrelatwetothelmx
Consider having four t-posts and slots, with a pin-in-hole locator/lock.
- the device must have its cwn 30 degree collimator built in.
- batteries are located as shown to balance the device.

- shock isolators float the "optical table™ to protect aligmment of laser

mocules. Problem: lining up optical subassembly with x-ray source. It all
may depend on using the backplate as a hard point.

(Reference DESIGN.PRT AND DESIGN1.PRT files) file: design.doc
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Apperdix D

(ot Interim Report)

Drawings of Sighting Device Hardware, Campleted February 1992.
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Apperdix E

(of interim Report)

Work Breakdown Structure for Medical Sight
Development Task, 6 December 1991.




WBS for Gantt Chart of Medical Sight Development Task

1.

2.

8.

9.

Problem/Task Definition

Characterize Optics, Decide Approach

a. 21-CFR guidelines

b. functional requirements

c. weight and size requirements

d. evaluation of alternative design concepts
e. selection of design approach

Conceptual Design
a. mechanical
- structural, including HDX interface
- optical
- thermal
- x-radiation collimation
b. electronic
- power, including HDX interface
- control circuit
- indicator panel
c. human interface

. Hardware Design

a. mechanical
- structural
- optical
- thermal
b. electronic
- power
- control circuit
- indicator panel
c. purchase requisitions

. First Prototype Fabrication

a. mechanical
b. electronic
c. configuration documentation

. Bencn Demonstration/Evaluation, Design Validation

. Feature Redesign and Update

Fabrication of Additional Units (4 each)
Demonstration and Handoff to MRDC

10. Follow-Up ard Support.

6 December 1991




Apperdix P

(of Interim Report)

Power Control Circuit for HDX Medical Collimator



POWER CONTROL CIRCUIT FOR HDX MEDICAL OOLLIMATOR 9 December 91

Operating Sequence:
- attach sight to HDX (thumbscrews match existing threaded holes in HDX)
- camect umbilical power to HDX (or insert battery into oollimator/sight)

- toggle sight power switch to ON

green LED on collimator illuminates for POWER ON candition
circuit board receives power

circuit checks battery status, if low is shown by red LED an panel
power-on timer circuit starts, with time-out set for 10 minutes
laser-on toggle switch is energized (made functional)

experience constant small current draw on battery/umbilical power
system awaits either laser-on toggle aor power-on time-out

- toggle laser-on (sighting) switch
. laser-on 1ED illuminates on panel when ILIMs are powered
. brief audible tone emitted to indicate laser on, different than HDX tone.
. circuit board switches power to LIMs
. start laser-on timer (time-out at 10 sec.)
. reset power-cn timer to zero

- laser-on time-out occurs
. removes power fram LIMs
. start 10-sec delay timer circuit (use same circuit as laser-on timer?)
. amber LED on panel indicates laser time-out delay circuit is active

- laser delay time-out occurs.
. switch off amber LED on panel
. restore control to IIM power circuit. ILIMs can now be activated at any
time by ancther toggle of the laser-on switch.

- the laser-on/delay cycle is repeated as many times as desired or until
battery low imdicator goes on.

the 10-mimute timer runs ocut when the laser is not activated
. no power to the sight/collimator

— L :!)
P e > PANEL (Red) é Battery Low  ——— 7
: ' \ POWER
LA ooT (Green). [ POWER ON I
(Red) — ] LASER QN T——
— . LASER
(Amber) | Delay 7————“' -



NOTES:

The purpose of the 10-second delay betwesn laser illuminations is threefold:
a) caverve battery power, b) allow time for heat dissipation from the LiMs,
C) pramote eye safety through intermitant operation of lasers.

SUMMARY OF MODULES AND FUNCTIONS:
- panel for 1EDs and switches
. panel switches: power-on, sighting (laser-on)
. panel IEDs: one green, two red, one amber
- circuit board(s)
. system-on timer (10 mirute)
. laser-on timer ckt. (10 second)
. laser-off timer (10 second——could be same as above)

. logic

rn:sing

. HOX interface plate

. attachment screws

. saurce-to-image-distance (SID) indicator

Do not permit the ILIMs to see more than 5.25 Vdc. Their rated operating
voltage is 3 to 5.25 Vdc. They each draw approximately 90 maA.

A single 9V battery is plamned for each collimator unit.

Five medical collimators will be fabricated.




SLCHD-TA-MS 15 Jan 92

MEMORANDUM FOR SLCHD-TA-MS (C. Robinson)

SUBJECT: X-Ray Sight Controller, Version 1

1. This is a summary of the work done on the prototype
controller module for the Hand-held Dental X-ray (HDX)
optical sight. The optical sight is a system of four laser
diode modules (LDM's) which are angled outward about the x-
ray aperture. These LDM's produce a set of dots
corresponding to the corners of standard x-ray film packs.
This allows the operator to position the HDL at the proper
distance and location for x-rays using various film pack
sizes.

2. To avoid overheating, a 50% duty cycle with a 10 second
on time has been chosen. The primary purpose of the
controller module is to enforce this. The module also emits
a warning tone when the operator activates the sight. A
detailed description follows.

3. The controller module is a simple timing and power
control system based on a microcontroller. The schematic is
shown in figure 1. The module is powered from a 9 V battery,
though future models will be powered from the 24 V available
within the HDX. Switch S1 is a momentary contact SPST
pushbutton which the operator closes to activate the LDM's.
Upon sensing closure of the switch, the controller sounds a
one second tone through the buzzer and closes relay Rl for 10
seconds. The switch-mounted LED, D1, is also illuminated,
signifying the LDM's are on. After 10 seconds, the
controller opens the relay, removing power from the LDM's.
The controller also flashes D1 at 1 Hz during the 10 second
cool-down period. This enforced delay helps prevent the
LDM's from overheating and also saves the operator from
remembering to turn the LDM's off. Switch S1 is ignored
during this period, preventing the LDM's from being activated
during the cool-down.

4. The controller chosen was the Signetics 87C752, a reduced
I/0 version of the Intel 8051 controller family. This was
chosen because there was a readily available stock, and the
built-in analog to digital converters (A/D's) and pulse-width
modulator (PWM) circuitry could be useful in future
iterations. Use of a microcontroller instead of discrete

F=3



SLCHD-TA-MS
SUBJECT: X-~Ray Sight Controller, Version 1

circuitry also allowed a quick prototype design and
flexibility in the timing functions.

S. Relay control of the power was also chosen for simplicity
for fast prototyping. A relay could easily handle the
current and future predicted power levels of the LDM's. The
relay also did not require the design of driver circuitry and
heat-sinking which /ould be required in a solid-state design.

6. U2 is a hex inverter which handles the driving of the
high-current parts of the system (Rl and Dl). This chip can
handle much more current than the controller itself, and thus
acts as a driver and buffer for the controller I/O ports.

7. While a microcontroller may seem like overkill for a
simple timing function, it offers expansion possibilities for
future requirements. Using the A/D's, the controller could
monitor battery charge, LDM temperature, and other sensor
data. The PWM controller would allow rapid pulsing of the
LDM's at higher power than their steady-state rating. This
could increase light levels from the sight without adding
lots of extra circuitry. It should be noted that the relay
would have to be abandoned for an electronic switch (such as
a power FET) to obtain the rapid switching times.

8. Future improvements should include replacing the relay
with a FET, improving the visual indicator, D1, which may be
too dim in bright light, and investigating a surface-mount
design for decreased size and increased ruggedness.

Mechanical Epgineer
Mechanical Systems Branch

Overman
Beard
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Apperdix G

(ot Interim Report)

Specifications of the laser Diode Modules




I/\\ATRONIC

APPLICATION NOTE

LDM135
Laser Diode Module

Introduction

The LDM13S is a seli-contsined solic-stale laeer diode module which emits light in
the visible specirum at a wevelength of 060-685nm. its featurss include output
power stabiligation, buill in drive circuliry. colimating optics (user-sdiustabie) and
TTL logic level competabillty. It is an ideal replecemaent for & Helium Neon laser and
supply in many appiications, and In many circuTetances will prove more suitable
due 10 s superior QYedNees and smal size.

R s shown in achematic form in Figure 1.

Typioal Applicstions inciudes
* Pilat beem for slighment « Bar code readers
¢ Measurement * Robotic control
« Targeting » Positioning
* Anaiysie » Security detection

Figure 1: Laser Diode Module 135 Typical Application

ON OFF NGO

e N
J_ R %! w
= «svearEry ,., > |—
= OR T, SUPPLY \ > >
T [o°]
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Posliive - red fiying leed
Negaiive - black fiying isad

Connections

Supply 3.0-5.25¢ (0.5mW., ImW varsion)
4.0-5.25v (2nW, ImW version)

lelation

Supply 10 metal body 40v peak

Reverse Prossciion None fled (0 ellow low operating voRages.
Oavice will mrvive five second polarity
reversal of rated vollags. ¥ grester reverse
prowsction is required. a series dlods (e
INGOD1) may be used.

|
i
|
i
|

|
i
i
i
;
i

Adustment . owam:ubn—a-n(«m
. —— | OGO * 908 10 maet Class § (< 1mW)

v device - sat 10 Maet Class Ml (<SmW)

AW device - eat 1 et Class Wa (<Smwy

Supply rell repction x
Mechanical Specification
Size Oiemeter  : 16mm
Lengih : 49mm
FRying lsacs : 250mm
Matenal Oural body, anodiesd 10 10 microns
Stabiity Poining siability <2mreg
Compieis with lens adnrstag ool
Quality

Al LDM135¢ have 8 MTBF of > 10,000 hours when operated within maximum
ratings.

Temperature operating -10° C 1o +30° C
Storageftranst - -10°C 10 +50°C

Warmng To prevent sxcescive tompersture rise, meunt the unit on en
sluminksm hoatsink of ot lesst 24 sq cm sres. O0 net sperate In

tilated L s. € ive Wwerature will drastically sherten
the e of the laser disde.
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0Swv - anw nw
Wevsisngh L2 N Wpicaly 675 a1 25" C tut e 0. 5wy °C
Overgerce <QSnv <0Svy A5y <QSnw
Besm size Srmda Smmda arnx 2 Gmmx 2rm
Oupt
() 052 0% Q92 10% 20£%0% 304 10%
Cohence
langh >Sam »10om ] »>8cm
Focuming down b oo down o domn
angs 150mm 190ven 2orm Zmm
Spot se 100 micsen 100 micson s0micon S0 mioon
Polerisation >t > >»¥21 >0t
Specyel
ourly SeeFRg2 SesRg2 SeeFig2 Seafig2

Figure 2: Power Dependency ol Longitudinal Mode (Linear)

A0S Retow AmdmW
g To23C Tom2$ C To2$C
v L] L Ll v v v v L n
" - o Lo - " - - [, ) -

Salety
The LDM 138 s supplied on an OEM basis 10r ncorporanon into other products.

The output is factory pre-set to meet Class It requicements (0 SmW and 1mW) or
Class itla requirements (2mW and 3mw) of BS7192, IEC825 and FDA 21CFR PART
1000

G-3




To carmnply with 1hess QUIEMEents 1 1 necessary 1or the kingl product 10 ether
tolally enclose the Laser 6ne$on N 8CCOrGance with Class | requwements or i the
beam 13 sccessible 10 carry the approprigie Class H or Il wernng laDles, see
Figure 3 for detasis.

Figure 3: identification and Warnng Labels

S0\

CAUTION

Important :  Use of controls or adjustments or periormance of procedures other
than those specified herenn may result in hazardous radiation exposure. NoO user
servceabie parts inside.

““I*.W“m.-lmﬁ-l“.~m¢~
outan M9 ety CUr OO RSEE I NS O JEFE0E. eV Cae. JO PG SR o (NS A

Many vanations of the above specification are possible and imetronic is able 10
design altemative packages (0 surt individual product needs.

i/\\ATRONIC

Iimatrenic Limited Imatronic inc
Xnghsher Court 1275 Paramount Parkway
Hambnage Road, PO 8ox 520
Newoury Batava. i 60510
Berxsture RG14 5S) USA
England Tel : (708) 406-1920
Tel (063S) 550477 Fax (708) 879-6749
Fan (0B3S) 49158
G-4




Appendix B

Mechanical Drawings of XRS2
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Appendix C

Description of Electronics for XRS2

A schematic of the electronics used in XRS2 is shown in fig. B-1. The electronics consists
of two integrated circuits (IC) which operate as timers controlled by simple
resistor/capacitor-(RC) time constants. One IC (U1) is configured as a ten second timer.
After a short delay following application of power (to allow the circuit voltages to
stabilize), this IC closes the relay for approximately 10 seconds, keeping power on the
system after the switch is released.

The second IC, U2, is configured as a 20Hz oscillator. When power is applied to this
circuit, the lasers are flashed in pairs at a rate of approximately 20Hz. Through the use of
complementary outputs from U2, only one pair is illuminated at a time. This is necessary
to stay within the current output limits of the batteries. The lasers are paired as opposite
corners, so that if one driver circuit should fail, the two lasers left would define a pair of
diagonally opposed comers of the x-ray beam. A technical description of the circuit is
presented next.

SW1 is the control button, a momentary, normally open, push-button switch. When
closed, it applies power to the system. After a short delay determined by R3 and C2, Ul
latches the relay closed for approximately 10 seconds. This time is determined by R2 and
C1, where T=RC [T in seconds, R in ohms, C in farads].

Ul is configured as a one-shot with a ten second output pulse. The delay (R3, C2) allows
the circuit to stabilize before triggering the one-shot. The on time of the lasers (D1-D4)
can be varied by changing R2 and C1.

U2 is configured as a free-running astable multivibrator running at approximately 20Hz on
the Q outputs (the muitivibrator is running at about 40Hz internally). The frequency is
determined by R4 and C3. Complementary outputs Q and /Q drive a pair of transistors,
Q2 and Q3, in the open collector mode. These transistors sink current from two pairs of
laser diodes.

The 4000-series CMOS logic was chosen over the 7400-series for its wide operating
voltage range. 7400-series logic requires SVDC, +10%, where 4000-series will run using
3-16VDC. This eliminates the need for a voltage regulator to put out a exact SVDC. The
lasers will operate with supply voltages ranging from 4.5-6VDC. This assures maximum
use of the batteries over their life span.



| ‘ V. ¢ b
L 40 L L3S F sy NOLYD 1 1ddY
1 i oGy T nuw diamsgr] ¢ T Scvy ¥
91 AVYX In—l CHOox ) NQ d3SN |ASSY [x3N
Can ..:.m< ™ mmo« mm y L_VoAvax | zoxvax
A [ X°
._. _mm m.(-:vu::
NYH1 || el o Ss1HvI o) |
£611 (H/0Z (M IHJ1IOY_ Q¥ 111 HI0MOd 0OBZ ewMIéBa SIHINI NI
S31401vH08Y 1 ONOAVIQ ANYVH c1-/0-26 1wy SHOISN I
S Suvie iiea ISIMIIMIO 533 T

Nid 1708 £+0°@ 1IVISNI -

90AVYX 1dvd

8lLO° X 160°9 JA00HD 9HIN )

Qv IYHL- 1V DHNZC- 9f

[ |

- 169°¢ -
009" - -~ (8107)
IR I R RS
£1£026 3SV373Y8 _IVILINT |OX
QIAQHdJY 3lva NOt1d142530 A3Y] INOZ
. SNOISIAZY -
/N

- -Gl

"S3003 JUYHS OGNV SY¥N8 11Iv JACNIY "2
00L-01S ang Myt ONITMYHO | INGNIING L

SIION

e ———




